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milestones is developed, a commitment is made to those niilestones, and then the job

is done. Noxe specifically, Program Managemont is assuring that on ouvganivation meats
its program goals, within defined pevformance specifications, costs, and schedules.”

Relationshins of Cost, Schedules, and Technical Performance

-

‘n the managesent of projects thiree measures of effectiveness are commonly
utilicved based on three fundamental questions pertaining to any project tasks:

1. What is the tosk to be accomplished?

2. Fhen is the task to be completed?

Jo How much should the task vequive in ferms of resources?

The first of these quostions is answewed through the establishment of techanical

objectives which arve first defived broadly and then reduced to smaller and smaller

1]

techaical tasks. The measuve of managerial effectiveness rvelated to this question is

“ie sceond quection Is amswered thvoush the cotablishment of
define a time linme along vhich the project progresses. The messure of managerial
effectiveness reiated to this question is the degree to which schedulec ave being met.

The thivd question concevaing resource veguirements is commonly specified in terms
LR

of dollars or manpower. Although fdeally the nesource vequircwents shosld be stated and

pecific vequirements of the task, ¢this is

[}
(o]
e,
)
o]
N

ontiolied directliy according &
éifficule ¢o achieve in complex projecis. Tor ezemple, in launching a simple sky rocket
the zequirvements include one skyvocker, one match, and one person to sei up and lighi
the siiyrocket. These wepresent specific siatements of wesources.

o

in the launching of & Saturn YV, howewer, millions o
&>

o]

objects ave veoguived and they

must be desiguned, fabricated, zssemdled, tested, and operated by hundrads af thousands

of individuals with widely divergeant skills, It is impossible for a tcp msuagement groun

e

to maintain visibility on resource requirements and vesources cviilization in tevms of

et

Apolio Trogram Mananement, Vol. & Rernedy Space Center, Program Coatrol Office,
AP0, KSC 130-12-0001, 1/15/68, pp. 2-1.
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these physical objects and individual people. Thercefore the approach {aken in
Apollo and other large, complex projects is io slan and contyol sesources in terms of
aggregate units, dollaws and manpousr, which tend to nomogenize the ivdividual differences
in objects nad pecple vequived. These agarogate measures provide a messure of
managerial effectiveness based on cost and manpover perform;guce.

The tast of efficient wanageria perfor&;nce rosts on these three measures
technical performance, schedule performance, and cost performance. Each of them

affects ow is affected by the othewrs., To achieve technical werforwance if is clear

4

that gufficient Tesources must be available {eupressed inm doilavs and weupower) and
that éufiicient tive be allowed.to complete che task. Althoush plans provide some
measure of the cost and schedule estimetes, these fwo factors are alsc constyraines
on performance. Without budge: constraints or time constraints it would be muph simpley

for project managers Lo complete their fasks., Indeed the question arises whether there

. -4 Y e T men e nmm e Ta myan ™ - > o -
even n2eds to be 2 manager uuder such civcumstanmcas. The test of offcciive managomaoat
LI tal s 5 s ” - T L o) IS I 3 e o} 2 erta 2
Tesi on thie abiliity of the manogerial team to achieve the tasks cssigued within such

conty traiats,

Without a cost comstraint a typical R & D project will progress in such & manner
that the technical requirements becone paramount. An engineer or scientist is trained
aud commited ¢o developing havdware which works with lictle :égard for cost or schedules
Considering this background his fendency will be to design into the houduware foolozreoof
mechanisms made of the best msterials availabla...a practice weferved o in the

rofession as goldpleting. In addition to goidplating, there is a tendency to
continue to improve the hardware. (uce somcthing is designed, Zfabriccied, assembled,
and tosted, the vesults will lead to nev imnovaticns in design wvesulising £rom the

experience gained in twansforming it £yrom an idea to aa opevating and tested device,
This tendency to avoid “locking up the black bou? would go en for lonc pericds of time
without cost and schedule copnstrainis.

Technical performance is also velated ¢o scheduling in anctber way. In typical

manufacturing operaticuns in industry it has been found that z given product can be




1

are mave dus to the uncertaintics iuherent in the R

CUAL

o8

manuzzcnured in an optimum manner which can De weasuved through time gtudy Wiich ;

provides specific time standards. In project wenagement in RED sueh time standavds

“,

frad

RED envivonment where wuch worl is:
carriad out at the fringe of the state of the zyrt, Vet without schedules as a o ‘
constraint on fechrical verformance it is iikely that a progronm will siretch cut over
an inordinate amount of time. ' '

The stretch out of the project, although it may increase the probability of
successful technical accomplishment, usually will increase the costs aad also create
numercus problems where hardwave items imterface. A& delay in the acguisition of one
item may delay the cntire project resulting in significent awounts of idle resources
wvhile people wait foxr the needed pavt.

On the other hand, crashing a scheduie by cevevely reducing the time aliowed also
will wesult in imereased costs and may weduce the probebility of successful technica i
per’O““ance. In project management, therefore, the schedule must be set at the outsst
and cdjusted pericdically {duc to the umcertainties in 2ED) o guovd against the

~

nced For crashing the project or to aveid project sivetchouts. Doth of these

condiiions can imcrease costs considerably and may, in some cases, Iimpalx technical
Deriornance.

in geneval,

i
el
i
[o]
]
Z
«
(5
o]
N
g.h

£ they change too often, cosh pers

ormance and schedule perfovmance will
suffer, If iunsufficient raesources are allocated the technical perfovmance may be

. -

mnaired and there will be a teudency to stuehch cut the project which may vesult in

s

higher costs at the end of the project. If the schedule is teo tight performance ma
fer and costs will be significantly increazsed, I the schedule is Los loose pro-
craszination and techuical changes will oceour creating disequiliibrivm in the balance
of systems and cosés will inerease dee to the stretchout.

in achieving the bolance among cost, schiedule, and technical perfovmance in

.

project menagement it is common to find all threc in a state of continval adjusiment
o .

Vi

e evele. If a technical glitch deuelops.,i

o‘"

as the project pwccedes through is 11
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becomes necessary to modify

the schedule and resources vequived to

overecome it. In
project.

other cases a particular item may be deYayed ond become the pacing item for the
Some NASA personnel vefer to this as "the long pole in the zent" presumably
because it holds evevything eclse up. In such a

23

casec a wor
Tecover the lost time through reallocation of resources,

haxy

ound may be necessary to

A FWASA publication discusscs this condition with respect to schedules ar follows

"These (schedule) milestones, houaver, are not so inflexible as to be irrevocable.

L)
a3

They represent guidelines which are in 3 scuse negotiable, provided the next higher
level milestone is not endaugered,

It is 7wealized stallation or test
seqrence, for example, can be accomplished in more ways thau that which is considered
ideal., Since these milestones are e

they are normally wep

sentative of an ideal wo
of the planaed work, however, circums

wale £

bliched well in advance of the actual activity,
Tk flow.

2o an

caNees way

Duriag the actual performance
¥
planned objective on the original schedule.

prevent the accomplishnment of the

avound" and accomplished at

"he milestone s € hevefore, is ""worked
2
4

a later date.

These workarcunds are a2 true indicatiom
of management in action,™

Providing wmanagers with visibility of the wrriety of changes taking place

requives an elaborate infornmation system, especially in a project a2s complex

and large
‘ as fpollo. The primary objectives of the Apollo informatlon system ilaclude:
: Ya, Reeping menagement informed on a day-to-day hasis of cost, pewformance,
and schadule status of the Apollo Progranm.
b, Isolating management problems in terms of cost, schedule, and technical
performance.
c. voviding early varning of potential mansgement piroblems which may have an
adverse effect on schedules, cost, or perfori
4.

riance.

B»tabiiahing criteria for developing and implementing werkaround plans.
e. Providing a form for the euchange of manageuent info

rmation.

_g?‘ég.-, P. 4"530

U ——

")U i

e
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£. Promotiag managcment_d§3cipline and teamworit throughout the Apollo

s e 3
organization.”

In order to meet these objectives a number of key decument flows are required.

We shall trace these f£lows with special emphasis on scheduling in the Apollo Program;

The Rey Document Flous

The focus on cost, schedule, and technical perfo

g

rmance 1s depicted in Pigure 141
_ﬁThe Plow of Information for Decisions Consideriamg All Vaviables for Prograoms.” |
Contractor reports, of course, are iuputs to 2ll three variables and repiesent the
loevel of input closesit to the actual work being performed.

In addition, other managenn
systems have been developed by NASA to

crack and monitor performance in the areas of

cost, schedule, and technical performance.

The key document flows required to meet these threc measures of performance
vary sccording to the avezs, however they all are velated to two important documents,
thie Apollo Project Approval Document {PAD) aud the Apollo Program Tevelopment Plan (PDI

The Apollo Project Approval Document (PAD)

The PAD is divided into ten sections dealing with the following subjects:4
1. 1Identificatlion of the pzogram.

2, Designation of project titles and code numbers.

3. A statcumeni of broad objectives of the program.

4,  The technical plan which descwibes ¢he test plan, system deseripiion,

operations and veqguivements as well as facilities wequived.

5. The major support inteviaces.

6. Procurement approval indicating the contractors and centers responsible for

major items.

——r 2

2 .
¥ HAsA-Apello Puogrom Management Vol, 1, Racesber 1967, Avollo Program Office,
WSA o, 4-31,

Arollo Proiect Anproval Document, NASA PT 1969.
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.
N dax, Vousi

7. Schedules indicating major flight development phasing, launch dates and
future major technical and wanagement decision points.

8. Resources including both planned and approved resources for the program.

9. Management covering the ovganizational assignimemis for program tasks.

10. Controlled itcems. Of intevest in this papewr aie the official NASA Flight
Schedules (to the month in the current year, to the nearest quazter for the

next year, and by year theveafiex).

The PAD provides the overall authority %o continue Apollo Program activities for
the fiscal year. It represents, in terms of scheduling a starting point for more
detailed decisions as it covers the Apollo Launch Schedule and the Apollo Launch
Readingss 8chedu1e.5

Cnce the schedule objectives are established ia the aggregate in the PAD and

authority to proceed on that schedule is given by the sign off of the PAD, the mext

Lkey document which bears on program plamning and scheduling is the apollo Program

Development Plan or EDP.

Apollo Program Develorment Plan (PD2)

The PDP identiffes "program requirements, vosponsibilities, tasks, resources and
time phasing of mejor actfons wequired to accomplish the objectives of the Apollo
Program."6 This development plan provides a single, authoritative sumrary document
whichs |

~ Delineates the manner in which the objectives of the Apollo Program, as defined

in the current Project Approval Boéument, shall be achieved;

- Becomes the primavy decision and approval documeniation and baseline of the

Apollo Program for the evaluation of prograﬁ performance and program changes;

Ibid. , Attachement B

6 Apollo Program Development Itan, M~D MA 500 MA 001.000-1 Apollo Program Office,
OMSF, NASA, Washington, D.C., Janucry 1, 1966.




L LE)Y Le N
- 8 Lo d

= Becomes the basic guidauce and directive imstrument to participating

organizations for implementation of approved program changes.“?

Although the Dxoject Approval Document is issuwed nnﬁually, the Program Develorwent
Plan i;lpublished in January and July, As it is more detailed than the PAD, the PDP
may also be modified as key decisions ave made throughout the year or when majof
program changes are made. These modifications axe tvansmitted to managers through
Ptcgrag Directives which carvy asurhority similar to that of the PPP. Ore of the lLey
directives in terms of schedules is Apollo Program Divective &.
»The PDP is composed of 17 sections as followd:
1. Program Management
2, Schedules
3. Procurement Management
4, Data Management
5. Configuration Management
6. Logistics
7. Facilities
¢ Tund and Maupowsr Requivements
9. Technical Pescription and Syctem Angincering
10. Reliability and Quality Assurance
11, Safety
12. Test Progr
13, Activation of Launch Site Facilities and Bauipment
14, mission Opezations
15. Mission Training
16. Related Programs
17. Advanced Missions

Although these soventeea sections cover the plans and by implication the conirols

7 Ibid., p. 9.
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to be used by managevs in yumuing the program and its subsidiary projecis, the avea

of concern in this paper is the scheduling system and our discussion will center

ocnly on that. L

"To achieve the established missions and objectives of the Apollo Program, it
is essential that all program effort be undertaken on the basis of approved schedules,
In.addition, it is impoxtant that thefe be a continuing review procesc by which potential
problemé can be identified, assessed, and charmneled to the proper decision making level.

' fo this énd, the Apollo Program Qffice maintains a schedule system to veflect the
eurrent‘;ﬁproved schedules and the status of effort against these schedules. Further,
monthly Program Revieuws are held to evaluate prozress and to determine corrective actions,
as requifed."s

The schedules developed for the prozram vange from overall schedules for launches
to detailed operating schedules. The basis for approving these schedules is hier-
archical within the organizations involved as depicted in Figure 2. The leunch schedules
are developed and authorized by the Associante Administrator of MASA and the Associate
Administrator for Manned Space Flight. The development of schedyles for controlled
milestones rests with the Apollo frogram Director and his Apolle Program Control gtoup.'
The move detailed gchedules for particular pirojecis within the Apollo Program ave developo
and authowrized by the Center Program Managers wio may delegate this authority to their
project managers. Finally, the detailed operating schedules are developed by the
coatréctors and subcontractors vho are providing the hardvare and software.

Figuve 3 depicts the apollo Schedule System Flow. At the top level, NASA as an
agency develops the Project Agproval Document and aleng with it the 0fficial NHASA Flight
Schedule. At the next lover level, the 0ffice of Manned Space Flight, The Apollo
ongrﬁm Pevd opment Plan is crveaced and concurvent with it the Schedule Summary. At
the next level within QMSF is the development of schedules for controlled milestones
under APO through the use of APD~4, the program directive scries covering schedules.

At the field cemters, (KSC, MSPC, and MSC) detailed project schedules are developed

8 7 .
o _—-/Ibido 9 po 2"1. > / — -

—

3
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Figu;'e 2
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APD~4 is the Apollo Program Schedule and Hardware Plaming Guidelines and
Requirements. It originates in the Apollo Program Coni:r.olvoffice. As such it
provides scheduling information for the Apollo Program Director., The action called
for in APD-4 is that all f£ield centers are to implement the requirements of the
dircctive £fective with the issuance date and on a continuing basis thereafter. The
purpose ol APD-4 {8 to define the approved Apollo p;;'ogram schedyle and hardwave planning
guideline requixements to be used as a baseline for detailed Apollo p':égranmiug. 1

In additinn to discussing the purpose, scope, procedures for change, and
xesponsib'lities involved in seheduling at the program manager level, APD=4J carrics
four atta:hments,

The first attactmaat covers the Apollo lamued Lunar Landing Program Baseline Plan.
It describes in narratfve significant developments affecting the scheduling of upcoming
lamchas. Any changes in the preceding divective are highlighted., Hardware and |
launch complex assignments ave summarlzed as in Figure 6. The £inal eatry is the
Apollo Launch Readiness Working Schedule as depicted in Pigure 7.

"he seccond attachment covers the Apollo schedule objectives, action requived, and
detalled working schedules. This attaclment covers any changes in schedule objectives,
i.e. acceleration or slippage of a series of sequential launches, and provides speci-
fica:ions on hardware to be used for each of several upeoming missfons. That is, which
boorter is to be mated with a particular (S} aud particular LM is designated. In
addition bread directives are given as to vwhich facilities ave to be used in upcoming
launches, Of particular imporvtance are the launch schedules for upconing missions which,
in bax chart form, indivate to the field centers the activities necessary to provide
integration of the centers to meet the launch date. An example is depicted in Figure 8.

The third attacimdnt covers the Apollo hardware quantities anc tdentification.
These requirements are listed to provide forvward planning Information on which items and

how many of each must be provided for the program.

1 APD~43 Apollo PBroguam Schedule and Hardware Planning Guidelines and Requirements,
Wachington, D.C., OHST, APO Program Control, rlovomber 20, 1963, p. 1. (restricted
docunent).




ELY)

HARDWARE AND LAUNCH COMPLEX ASSIGNMENT SUMMARY

LV CSM

SA-501 017
SA-502 020

SA-503 103
SA-504 104

SA-505 106

SA-506 107

SA-507 108

SA-508 109

SA-509 110

SA-510 111
" SA-511 112

SA-512 113

SA-513 114

SA-514 '115

SA-515 1154

*Pad A will be backup to Pad B for AS-504

wRany

LTA 10R

LTA 2R

LTA B

3

. SATURN V

Figure ¢

. 2

LTS

[ SN

APD 4-J - Attachment A

Page 4 of 5

Space Vehicle,

LAUNCH
COMPLEX
LUT = FR HB
11 1
.2 3
1 RS 1
2 3
3 3 2
1 1 1

PAD

‘39A

39A
39A
39B*%
39A
398
39A
39B
39A
398
39A .
39B
394

39B

39A
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The figal é.tmchemant: Ligts the Apol’.‘.o'controllcd milestones, ‘These are
Categorized by field center and have specific dates for coxpletion. As mentioned
earlier, a change in these dates canuot be decided by the ficld ceanter Sut must be
approved at Headquarters by the Apollo Program Dirvectow. Examples of such controlled

nmilestones are as follws:lz

" MS5C Controlled Milestonas

Deliver CSM 107 ¢£o RSC - AS~506 25 Jan. 69
Deliver CSM 108 to RKSC - AS~507 18 May. 69
Doliver CG8N 109 to E3C - AS-508 31 May 69
Baliver OS¥ 110 to KSC ~ 4S+509 31 Jul. 69

MSFC Comtrolled HMilesctones

Deliver S~IC 5 to ESC 30 Nov. 68

Deliver S-IC 6 to XSC 17 12, 69
Beliver S~IC 7 to KSC 15 /jpy. 69
Deliver S~IC 8 to KSC 16 Jun., 69

XSC Controlled Milestones
Lacseh Complew Operational Readiness

1C-39 LUT-3 FR-3, HB-2 ORD ~ Launch Veh., 15 Dec, 68
LC-39 LUT~3 FR~3, HB~2 ORD - BK-II CSH/iM 15 Janr. 69

These controlled milestones are but a few which are vepresented in the fourth
attachment. Thay do provide an idea of the intexrceuter, interface vamifications of
a controlled milestone and the resson why they must be met so that a launch will not

be delayed.

Center level Schedules

Thus far we have traced the key document flows associated with scheduling from
the PAD, through the PDP, to APD-4, Each carvies the scheduling j2#n %o more specific
levals of detail., At the center level additional schedules are developed and published

in a teries of volumes and books as follows:13

12 ibid., Attachzent D

13 Apollo Program Developmont Plan, op. git., p. 2-4,
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Volume I represents the Level 1 Schedules Summary. It includes launch schedules,
hardware quantities and deliveries required to support the launches, and
individual mission charts for launches scheduled within the following year.

Volume II represents the schedules associatad with the spacecraft at lavels 2, 3, and
4, These levels cdrrcspon& to project {cpacecraft), primary s:stems (LM,
Csi) and subordinate systems (rezction control system, environmeatal control
systen, electrical system, etc.) vespectively.

Volume IIT is compesed of four books (as of the January 1966 PDP). These include (1)
the Satuwrn I, (2) the Saturn IB, (3) the Saturn V, and (4) cpgines. All
schedules cover projects, primary systems, and subordinate systems (levels 2-%4).

Volume V covexrs schedules on mission operations, flight operations, and ground opera-
tional support £light cvew operatioas.

Volume ViI covers schedules for construction of facilitles and is divided into 6 books
for the following: (1) XSC, {2) MSFC Hmetsville, (3) MSFC Michoud, (4)

MSFC Mississippl Test Facility, (5) MSC, and (6) iiSFC various other locations.

Volume VIII covers schedules for space wvehicles at ESC.

Each of thcae volumes contains dozens of echedules in bay chart form, Tha
level of detail represented in these volumes 1s such that tha key interfaces of eeater
controlled nilestones and headquarters milestones are evident, In addition a large
nurber of supporting milesfones are listed to provide planning and control visibility
for the o® ter program manager and his project mauagers. These supporiting milestones
can be changed at the center level and are therefore the dynamic factors which can
be manipulated by ceanter managers.

From this point on, the level of detail in scheduling is determined within the
plaents of the contvactors and subcontractors in accordance with MASA procedures for
supplying schedule iunformation. An elaborate feedback metwork has been developed
to inform managers of schedule status and provide a mechanism for making and
transmitting schedule decisions. This network is discussed in Working Paper 15 and

wiil not be elaborated upon at this podnt,
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In summary we have trﬁced the key docurent flous in scheduling bgginniﬂg
at the most gencval level with the &polila Troject Approval Document (PAD), moving
fron that poigt to the Apollo Program Developizent Plan (PDP), then én to the Apolilo
Program Divective & serics (APD-4), through the ficld center schedules for lovels
2, 3, and &, to the final detail involyed in contractor and subeconiractor schedules.
These scheduleg ave reloted to the orghp&&a&ional-laﬁcls within FASA as indiéate8 in

Mhnsqemené System Llements,

ot , o fhelﬁanngemcnt process as.vicwﬁd from a elassieal manaﬁement theory point of
view i# divided into several activities. These include planning, organizing, assembling
rosources, directing, and ¢ontvolling. - In general, traditional approaches to

! * 3

managenent start with the planning function in which thiree levels of plaums .are

established,

The Zirst level is {he s{atement of objeciives; thosd goals or tavgeis toward

vhich the orgmpization directs its offorts. The second level concerns the fofmﬁlacion
oinpolicias or guides to actlon o iecach tﬁe obiectives, %The ¢hixd level involves

rocedures wﬁich deteil ths step~by-step activities which, hopefully, will iasure
ac;ibp in gecoxd with ihe policies,

In the administrative process of organizing two considerations ave paramounﬁ;
the definition of structual organizational rclationsﬁips and the definitiop of
adminigtrative aud opevative relatienships._ in wost cases this wests on principles
of functionalism, unity of comzand, span oﬁ contyrol, hicr#rchy, and so fofth. “The
net vesult is often z vather stable organizatrion which cccepts change slowly.

Assembling vesources involves the acquisition of the nccessary noney, manpower,
,matgrinls, ﬁachiucs,_ﬁaCilitiés, and cnerg} to accémplish the plans, Sgch éfforts are
‘usually divided functionglly in traditional. appronches to management.

Divecting, in the traditional sense, implies that orce the plans are laid,
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the orgrnization developed, and the resources assembled, the entire operationm can
ba put into motion through the fssuance of orders via authority channels established
in an orderly hievarchy.

Controlling implies that the results being ﬁchieved are compared to plans and;
when deviations occur, the managewrs are held acﬁountable for their results., If the
Tesu.ts are unfavo;able? ther @ course of action is initiated to acquire vesults more
in conformance with the original plans,

This brief description of the classical or traditional approach to management
lay out in sl:eiatal form the basic elements involved in the management of most
otanizations. The emphasis will vary from one fivm to another and the methods may
».zy also. Some managers plan carefully, others rarely take time to think through
vhere they ave going because they zre so busy getting there. Some managexs give
iirections as orders to subordinates, others rely on persuasion to achieve results.
tome £irms have elaborate control mcchaa‘:'.sms while others are managed and controlled
ly "gut feel."

The purpose of setting forth the traditional approach is to cstablish a frame
of reference for the management process as i¢ applies in project management, particu-
larly with veference to the Apollo Program. In this progrom a management process has
been established which {5 composed of five parts, called management system elementé.
These basic elements are as ‘Er.sllcms:ML ‘

1. Requirements Definition

2. Requirements Amplification and Implementation

3. Yanagement Information and Communicatioa

4., Management Becision Process

S« Review and Evaluation of Management Effectiveness.

This approach to management changes the focus of managerial activities as
cowpared to the traditional or classical approach. 1In project management heavy
emphasis is placed on planning and control. The thoroughness of plamning for a space

nission surpasses that commonly found in industzy. In addition the level of detail

14 ,%sg,g‘Appilg _Program Management, Apollo Program Office, OMSF, APO, Washington,
D.C., December 1357, | '




L X, \eURE
- 16 ~

to which planning is carried ocut is far more specific than is found in most firams.

Perhaps the most significant diffevence is the heavy coacern in Apollo program
management with the question of interrelationships among activities or interfaces as
they are commonly tagged. 1In Apollo such interface planning and control is essential
to accomplish a launch., UWhen oue considers that the activities of headquarters,
three field centers, several prime contractors, and hundreds of subcontiactors must
£it together to gchieve a launch, it becomes apparent why interface management is so
critical in management system design,

The approach to control is also more’detailed and thorough than is commonly
encountered in industry., This is particularly evident in the management of hardwere
changes. An elaborate management system is used to control these changes lmowm asz
configuration wanagement. This subjeet is treated In another series of working
papers. in addition to close control over changes, quality control practices in
MASA are designed to ylaeld phenomenal levels of reliability,

Assoclated with the emphasis on plamning and control in project management an
equal comsideration is given to decision making and the management information system
which supports the decision makers., Just as complex hardware production, asscmbly, and
testing must be integrated for a successful launch, so also must the decisions made
in all of the orxganizations involved be integrated.

To grasp the general management {Tamowork within which scheduling activities
take place we shall briefly examine each of these five basic elements of the Apollo
Program management system. A schewmatic depicting the organimational levels, feedback
loops, and the funcijions of these elements appears imn Figure 10.

Requirements Pefinition

"The first necessary step of the management process 1s the definition of the
program requivements. These requivements form the baseline that lays the foundatilon
for program management actions and provides the criteria against which program

proceeses and changes are evaluated."ls

15 yhid., pe 4=t
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The requirements established for the program are divided into three broad
categories; management, technichl, and mission. Within management, several areas
are considered. These faclude program msnagement, schedules, procurcment management,
configuration wmanagerent, data menagement, funding and manpover requivements,
logistics, facilities, and activation of launch site facilities and cquipment.

Within the technical avea consideration is given to reliability and quality
assurance, technical description and systems enginecring, the test program, and
safety.

Within the mission area, plans must be made and vequircments established for
mission operatiions and mission training. These three bread arecas aze depicted with
their subareas in Figuve 11. Note that all of the areas have three dimensions of
efficlent project management involved with them; performance, cost, and schedules.
The plaming ectivities in cach of these aveas which yield the basic requirements
for the program involve consideration of these three variasbles and a balance of
such considerations in the development of requirements.

0f interest in the area of scheduling arve several documents which have been
established, One of these is the NASA PERT and Companion Cost System which specifies
how scheduling should taka place. COver time other scheduling plans have evolved as
the complex situations requirving PERT yielded to less complex scheduling systems,

A related document is the Program Scheduling end Review Handbook (SARY) which is
designed to establish requirements for schedule status reporting.

A coding structura has been established to provide for uniform identification
and classificatfion of the work breakdoun styucture. This work breakdowm structure,
in turn, defines which activitles will be separated out for scheduling attention.

Also iavolved in the management requircments definition ares are key management
requirements documenis, These documents include the Apollo Project Approval
‘Pocument (PAD), the Apollo Program Development Plan (PDP), and the Apollo Program
3chedule and Haxdware Plamning Guidelines and Requirements (APD-4 series). Each

of these documents is described in the preceding section of this paper with emphasis

e
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on their role in scheduling. By scanning the contents of the PPP, however, it
becomes clear that it ¢overt all of the management, technical, and wission areas
depicted in Figure 11, not just the scheduling area.

‘Other documentation in the avea of estaplishing managcment requircments are
procurement documents, contxract work statemenis, and various Apollo schedules
documents. A related document, associated with the financial side of management,
but haviaog relevance to scheduling is the Trogram Operating Plan (POR). The
relationship of these document s within the NASA organization is portrayed in Figure 12,

Reguirements Amplification and Juplementation

"Requirements i.mpiementation is the process of converting vequirements into
assignments which direct people to act, schedules to be met or developed, and funds
to be comitted within the constraints established with respect to performance, cot

and schedule. w16

The requircments emplification and implementation element of the Apollo Program
management system, in effect, is the parallel to the "directing" function of
tradicional management theory. It involves the following: the use of the NASA
issuance system, the usé of contracts and letters of technical direction, action items,
and actunl day=by~day divection,

The NASA issuance system is a vequirvements implementation media., "This
systen is used by all organizational elements of WASA Headquarters to promulgate
nanagement issuances governing matters within their delegated authority. Managenent
isouances are writien communications that prescribe, establish or define policy,
organization, methods, procedures, or guidelines; or that contain information essential
to effective sdministration of programs; or that contain authority or information that
must be formally passcd down through the varicus organization levels. The following are
tyres of issuances in the NASA issuance system: |

NASA Policy Directives ave used for sll statements of policy.

16 1., p. 4-16.

|
|
A
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UHASA Monapement Ingtiuctions are used to implement procedures and information

of varying levels of detail and of a continuing nature,

VASA Notices are used by management for issuance of information of a temporary
or one~time nature. Normally, cancellation occurs within six wmonths from
date of issue and in no case is it more than one year from iscue date.
Complementary Manuals are used when specifically authorized by the Deputy Associate
Administrator for Administration, OCrdinarily, such complementary manuals are

authorized only vhen there is a lavge amount of material of highly specialized

matiexr. wl?

Although the NASA lssuance system provides the vehicle for direction within NASA
a sccond important elemeut of requivements lmpleuentation as it affects those organie
gations outside the agency is the scries of comtracts and letters of techmical direction.

“Contracts and associated work statements ave a part of the wequiremenis baseline and
defire the scope of work to be performed., However, once contracts ave siguned, theoy become
inst:ruments of implementation and contractors prepare detalled work plans to meet the
contract requiraments, letters of technical direction transmitted through the
contracting offices ave the means of edding to ox deleting from, or modifying the
requivenents baseline established by the contract."ls

betion items are designed to amplify and implement vequirements for the variety of
tesk forces which operate duving the life cycle of a program., TFormal ditectlion, the
las% item, 18 the commonly used authorization for change of specific requirements. These
areas are depicted in Figure 13.

HManagement Information and Communicetion

In efficiently managing a task as complex as the Apollo program with so many people

involved and dispersed over such a wide geographic area it is necessary to develop an

17 Ibid. s Appendix D (For a more complete description see NASA Management Instruction
FMI 1410-1,

8
Ibi-d.. Pe 4"16.
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elaborate management information system. Not only must this system captuvre
all relevant data for decisions but it must alsc do it wagfdly. The best example
of such a aystem within RASA is the information system aBgociated with the control
of a space mission. It involves communicatfions between RSC and HSC, information
transmisginn through the worldewide tracking network, as well as data transmission
to and from the spacecraft, All of this occurs in rxeal time. An equally important,
but less dramatic system is that which has been developed for Apollo program management.
"visibility demands both effective communication and close working vrelatianships
between all management levele, 7This vequires the estcablishment of logical woporting
and communication requivements to fulfill defined information needs that tell how well
cach area of the program is being managed and how each area is progressing against
the baseline plan.™ . |
"A number of techniques ére used in Apollo to Insure that actual and potential
problems in technical performance, cost, and schedule ave quickly and accurately identified
and brought to the attention of the propar level of management for solution or decision,
In a program as large and complex as Apollo, it is obviously impossible for one individual
to know the exact status, in datail, of all the activitles throughout the progrem. This
is vby the work breakdowm structure issuch an imporiant mansgement vequirement, It
pernits the total task to be broken down &nko manageable portions and réapons.ibf.uty and
suthoxlty to be assigned to competent individuals., Apollo mansgement iniormation and
comnunic_ation relates to the work dreakdown structuve and is handled in an integrated
and disciplined manner to provide individuals at each level. of mnnagemeﬁt the visibility and
data neaded to direct and control the portion of the total program under their cognizance. nld
The type of feedback which provides this visibility includes reviews, reports, planms,
specifications, divectives and instruction, statements of work, and personal liaison.
These Zorms of feedback provide the standards and measures of performance with which

managers can make those decisions vhich are required to keep the program moving successfully

19 yp14., pp. 4-26-27.
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toward its objectives. The relationship of these factors is shown im Pigure 14,

“"The heart of the Apollo management information and communication element with
respect to formal documentation is the Apollo Data Management System. The basic concept
of Apollo Data Managewent is that it gets the ®iglit data to the vight pewrson at the '
right time for the right cost. Additionally, only the minimum essential information
is systematically acquired and the people who need it get it by the most direct means,
Purthermore, in clearing house style new information needs are met, old information needs
continue to be satisfied and when no longer vequived are purged.“zo

Although the Apollo Data Management System provides a vehicle for accomplishing the
above ends, it should be recognized that for cffective project managemeni there is no
veal substitute for Information sources which are direct and relevant t:0 the particular
manager involved in a deeioion. These information chammels cannot always be formalized
because they ave subject to change as critical problems change. For thins xeason they
generally develop as effective informal information channels between the person with
the need to know asd those who can provide accurate, first-hand information.

Hanagement Decision Process

"Requirements definition and imblemantation within the segments of the work breakdown
structure and the constraints of cost, schedule, and performance cause people to perform,
funds to be committed, and resources to be allccated. The management information and
cormunication system assures that the vight data gets to fhe right people at the vight
tiwe to pyrovide visibility at all levels of wmanagement such that the wmanagement decision
process may then be effected, The management decision process 1s the fourth and most |
important element of the Apollo manggement systeﬁu“zl

In the decision protess in industry a series of sequential steps are utually involved

as follows:

1. Identification of a problem

20 Ibid‘, p. 4-30.
2! thid., p. 437,
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2. Seporation of symptoms from causes of the problen

3. Gathering portinent information about the céuses

4. Development of altormatives to solve the problen

5. Analysis of the altormatives

6. Selection of one course of action and implementation of it

1. .Fonov up to see if the results correct the problem,

Host managers in induatry follow this procedure or one closely related to it, In
nany cases, however, the procedure is highly informal and may reflect priovities or
biases of particuler wanagers with respect ¢0 ore o more of the sieps involved. For
example, some managers are quick to spot problems but fail to separate smptoms fiom
causes. Ir; trying to cure the symptoms they wind up fighting brush fives which recur
again and agion. In other cases some managers lock on to & singie altemative to
solve a problem rathex than taking the time to davelop sevesal Alternotives, This
habit often results in unimagiwative decisions and thuarts the croativity of subordinates
vho may make no headway im presenting other alternative solutions. As another example of
deficiencies of some managers in decision making is the case of the manager who after
nmaking a decision fails to follow up on it. If sufficient information feedback filters
are at work in the organization to keep rasulis from the manager, he may fall inko the
kab lt of assuming that once his decision is made that the problem is solved. In the
ever changing cavivomment of bmineas this is zarély the case,

Because of these fa:.r}y-ccmmon problems asgociated With decision making, NASA has
taken a rather sifuctured iﬁpproach to the decision processs It includes proceduzes for
assessment: of the program etatus, formdl review and evalodtion techmiques, action and
feedback activities, and formal approaches to follow-up. The velationship of these
getlvicies to the management: system elements is shown in Figure 15,

Becision making inhevently involves selectlon of one course of action from among
eeveral alt:ernat:’/.ws. As this is the case it is apparent that priorities have a very
significant bearing on the decisiond Uhich are wxeached. 1In industry such pyiorities vary

ézcording to the functional areas in which the decisions are mede, For example,
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production managers strive for efficiency and productivity, marketing managers

strive for increased soles volume, and financial wanagers look to increasivg returns

~on ipvestments to name but a few of the factors comsideved. These diffcrences in

prilorities often result in suboptimization for the firm as a vhole as esach functional unii:
strives to achieve its ends. ‘

In NASA, however, it is essential that all managers be cognizant of the primary
priovities for the program and make decisions recogmizing the rank cfde: of thess
priorities,

"The basic NASA policy vegarding mamned £light is that nothing be done that will
compromise the balanmce betwecn crew safety and mission success, with crem safety being
thq primary consideratrioan. 'I.‘h:'.sApolicy is expressed in the original Apoﬁo specifications

| 'The primary consideratfons vhich must ba weigiled in the design and
juplementation of the Aponé systéen are listed pelow in ordey of

cegeending priority:

8. Crev Safety and Mission Snccess, Creow safety and mission success

shall be the #iimazy considerations in the design of the system.

Crew safety is defined as the safe vetutn of all crev members vhethar-
or not the mission is completed. Iission success is defined as the
safe return of all crew members after a lunar landing.

b. Schedule. Accomplishment of a mapned lunar landing mission as early

as possible, but before the end of 1969, is a naticnal objective,

Design spproaches and decisions shall be made in vecognition of

this objective but not at the expense of confidence in crew safely

or mission success, '
This policy has been and coutinues to be the gulding principle for decisions in the
Apollio program. w22

The emphasis on crew safety has had an enormous effect on dacisions in Apollo,

LoNel
-

22 3544, p. 4+38-8% L
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Redurdant systems have been fncorpotated in spacecraft te provide phenomenally high

levdl s of reliability, &5 an exomple of what cam haﬁpeﬁ-i—:he’n erew safety is. j'aqpar&:‘lzéd
consider thez affects of the progran as a vesull of the AS*ZO_Z:. spaceeralt fz‘.’ke'w};ich ciﬁifne@
the 11&@&3 of three astronauts. The entive .,pac\acwft was vedesigned, numerous management :
methods were radically modlfied, orgonizational changes were made in shorg o'rdcr, and

the program itself was slowed uncil the problems could be resalved at a significant
gaciifice to the schedule priovity. | Fortunately a lunar landing was accomplished im 1969

even with the delays encountercd by the spacecrafs fire.

'

It is also .m"erc..uiig %o note that a subile change in prioritics cccurs ovar ‘he
1ific eycle of & mroject. Ak the outsct, the emphasis appears o be on tc’chnica'i
performance as design and testing activities are underialen. Schedule and cost
considerations seem to follow technical comsiderations duving this phase. As the
project nesrs its assigned completion date then the schedule becomes vexry impoz;tant zad
decision refiect the placoment of aigher priowities oun this facior. To meet the schedule,
crash progrars ave ofion undertaken at the secrifice of cost prlopities. Finally, &s
the progiarn is phasing dovn, cosk considerations receive a significant amount of attention
vhich moy icad to deci uior" to streteh the progeam to occupy the taleats and skills
enbled wmtil e mow pregram con be levndh &

There are pumerous veviews which are conducted to ald decision maliews in the Apolle
prozvam.  These vevievs gdive to "evalvote progihm pregress anc verify performancé in
terys of scheduele, cost, omd tcchw:.i;al pevformance. Thede Program Revicwg gerve as a
ati ' ulant to wanagenent action rather than e “progress reportirg” ezercise, TFor each of
the vaviews, 4 siagie auithovitavive focal point {person) is decignated who is sufficiently
familiar with the cotal progvam to selectively desige an agenda that focuscs wamageuent
attontion on che probilems that requizre wesolution apd sciéion. The selaciicon of spealers
and subjacts draws Sy the total complement of fuactional speclalists and managerial
staif in such a way that cach problem in ¢learly defined, alternate solutions are
presented in ferms of relative impact on cechnical performance, schedules, and costs,

' 2
and required menagoneae action or decisilon is clearly stated, w23

e s, o -
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These reviews are carricd out throughout NASA and in contractor plantse The
feedback time f5 relatively short, particularly in the case of the Apollo Program
Director®s meeting which is held every worning. Other key revicus at the top mansgement
leval inciudes | |

1, The Apollo Progiam Office Review

2. The Manned Spaceflight Program Status Review

3. Management Council Meeting

4. Deputy Administrator's Review

Although thdse reviews provide a formal method of assessment and set a framcuwork
for f£ormal deci;sion making, much of the important information moves thwough informal
contacts, These informal contacts iuclude “ithe pevsonal conversations, the closed door
sessions, and the "hot line" discussion of key program wanagement persounel., Regacvdless
of bow scientific the approach ¢o ﬁ:oblem solving is and regardless of how sophisticated
the management system and tools are, the program cammot be properly managed without the
effective use of the “eyeball-toweyeball" communication mode. The Apollo Program camnot
and is not managed by people sitting at desks and in conference rooms veviewing program

progress and problems and arziving at the vight decisions at the vright time, Intimate
contact between the Program Director and the Center Program Managers is essential and
is exercised to the utmost in feeding day-to-day pwoblems up the line from the center

" and contzactor levels and the necessary decisioms back down to the level where they are

zequired, nh

Review_and Fvaluation of Menagement Effectjveness

The iasi: element of the Apollo management syst em is the veview and evaluation of
management effectiveness. This is necessary bocause such a large nunber of independent
manzgement teams are involved in the Apollo effozt. To maintain ove:all management

visibility of the contyibutions of each of these momagement teams, systems have been

2 yp14,, p. b-d6.
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deve}éped to measure theix effcctiveness over time. Such measurement and review is |
carried out by NASA on a continuiug basis.

- “aAp evaluation of NASA ceuters and contiactor's performance, both individually end

on 3 compayative basis, rdquires that many factors be consideved. The wost important

" of these factors include: the type of comtract, difficulty in design and manufacture of

azrdvare, phase of development, and dependency on other contractor or govermment
furnished hazdware, software, and engineering decisions and different management
techniques utilized by diffevent NASA centers and contractors., Therefore, it is not
practical or appropriate to measure one contractor o1 NASA center against another on an
absolute one~to-one basis. A compatidle technique of assessing competence 4s utilized
ia discussing NASA and contractor competence o meet Apollo goals based om cost, schedule,
and technical performance iundices. n3

These indices indicate which centers and contractors are ai:ead of schedule, on
schedule, or behind schedule. Over time such indices provide the stimulus o ménagement
to iumprove operations and also highlight problems for WASA management, Othey indices
also reflect cost performance and technical perZormance. By gatheving and posting this
information frequently it becomes possible to monitor the program's progress and keep
it moving forward in a balanced manner,

Review teams are activated to examine contractor activities in several arecas:

1, Program plarning and control.

2, Contracting, pricing, eubcontracting, and purchasing.

3. Engineering,

4, Manufacturing.

5. Beliability aud quality assurance.

“After completing the vaview, & verbal prescntation is given by the revicw team
to the RASA Associafe Administrator for Manned Space Flight and to the contractor corporai:

and divicion management. Following the presentation, the findings and recommendat:ions for

zs !gid., P. A"'s&.
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improvement ave provided to the contractor for appropriate action and fouow-up."ze

These revieus and cwaluations serve to overcome a number of potential problems in
the area of scheduling. These probless stem fyom : human tendency not to get excited
af:out events far downstream in the future. Yet by overlooking minor slippages in today's
schedules, the cumulate cffect over time cam be significant degvees of schedule
slippage. The veviews scxve to maintain the necessary schedule discipline and awareness

required to get the job done on time.

6 .
Ibides Do 4~58,




